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(57)  Anon-volatile semiconductor memory device is
provided which is capable of shortening time required
for determining a reading voltage in its reading circuit
and of improving a data reading speed. The non-volatile
semiconductor memory device has a feedback-type
bias circuit (1) for letting currents to flow, in response to
a first timing signal occurring when an address of a
memory cell is selected from a load circuit (2) to the
memory cell to be connected to a bit line through a bit
line decoder according to selection of the address and
to be connected through a word line, causing a prede-

Non-volatile semiconductor memory device

termined bias current to be supplied to the bit line and
for letting a current to flow in accordance with an ON-
state or OFF-state of the memory cell, causing a read-
ing voltage to be produced at a connection point with
the load circuit (2) and a pre-charging circuit (3A) for let-
ting currents to flow through the bit line in response to a
second timing signal occurring in an early stage when
the first timing signal is active and for interrupting cur-
rents flowing through the bit line in a last stage when the
second timing signal is active.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a non-vola-
tile semiconductor memory device capable of speeding
up a determination of a reading voltage, thereby making
operations of reading stored information faster.

2. Description of the Related Art

[0002] In semiconductor memory devices, acceler-
ation of access time required for reading and writing
stored information is a significant challenge in order to
improve their performance. It is needless to say that a
same goes for non-volatile semiconductor memory
devices such as a flash memory or a like.

[0003] In recent years, there is a tendency that a
structure of the non-volatile semiconductor device is
scaled down to increase a storage capacity, which
presents a problem of drain disturbance.

[0004] For example, in a case of the flash memory,
since application of a high voltage to a drain of a scaled-
down floating gate-type MOSFET (Metal Oxide Semi-
conductor Field Effect Transistor) constituting a memory
cell becomes difficult, it is necessary to discriminate the
memory cell (herein after may be also referred to as an
"OFF-cell") in a state where an electric charge has been
injected into a floating gate by using a low voltage of, for
example, about 0.5 V as a bias voltage to be applied to
the memory cell causing a current not to flow from a
memory cell (hereinafter may be also referred to as an
"ON-cell") in a state where the electric charge has been
drawn from the floating gate, allowing the current to
flow. It is, therefore, required that a small difference in
voltages for reading stored information from the mem-
ory cell be reliably detected and time required for deter-
mination of an outputting state be shortened as much
as possible in order to enable a high speed reading.
[0005] Circuit configurations and one example of
operations of a conventional non-volatile semiconductor
memory device will be hereinafter described.

[0006] Figure 8 is a schematic circuit diagram
showing an example of configurations of a reading cir-
cuit in the conventional non-volatile semiconductor
memory device. Figure 9 is a graph for explaining oper-
ations of a feedback-type bias circuit. Figure 10 is a
schematic block diagram of a reading timing generating
circuit used for the conventional non-volatile semicon-
ductor memory device. Figure 11 is a timing chart show-
ing reading operations in the conventional non-volatile
semiconductor memory device. Figures 12A, 12B are
diagrams explaining determination of an outputting
state for reading in the conventional non-volatile semi-
conductor memory device.

[0007] As shown in Fig. 8, the reading circuit in the
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conventional non-volatile semiconductor memory
device is chiefly composed of a memory cell M,,,,, shown
as a representative one selected from a memory cell
array (not shown) by a bit line BL,,, and a word line WL,,
a bit line decoder BDE,,, shown as a representative one
used to select the bit line BL,,,, a feedback-type bias cir-
cuit 1, a load circuit 2, a pre-charging circuit 3, a sense
circuit (SA) 4 and a latch circuit 5.

[0008] Also, as depicted in Fig. 8, the feedback-type
bias circuit 1 has N-channel transistors 11, 12, 13 and
14 and P-channel transistors 15 and 16. A drain of the
N-channel transistor 11 is connected to the load circuit
2 and a connecting point between the N-channel tran-
sistor and the load circuit 2 is hereinafter called "node
C". A source of the N-channel transistor 11 is connected
to the bit line decoder BDE,,, and a connecting point
between them is hereafter called "node B". A gate of the
N-channel 11 is connected to a drain of the N-channel
transistor 14 and a connecting point between them is
hereafter called "node A". A source of the P-channel
transistor 15 is connected to a power source Vpp, its
drain is connected to a node A and its gate is connected
to a line of a sense amplifier activating signal SAE. A
source of the P-channel transistor 16 is connected to
the power source Vpp, its drain is connected to a drain
of the N-channel transistor 12 and its gate is connected
to a line of the sense amplifier activating signal SAE. A
gate of the N-channel transistor 12 is connected to its
drain and its source is connected to the node A. A drain
of the N-channel transistor 13 is connected to the node
A, its source is connected to a ground and its gate is
connected to a line of the sense amplifier activating sig-
nal SAE. A drain of the N-channel transistor 14 is con-
nected to the node A, its source is connected to the
ground and its gate is connected to the node B.

[0009] The load circuit 2 has a P-channel transistor
21 and an N-channel transistor 22. A source of the P-
channel transistor 21 is connected to the power source
Vpp, its drain is connected to a drain of the N-channel
transistor 22 and its gate is connected to a line of the
sense amplifier activating signal SAE. A gate of the N-
channel transistor 22 is connected to its drain and its
source is connected to the node C. The pre-charging
circuit 3 has a P-channel transistor 31 and an N-channel
transistor 32. A source of the P-channel transistor 31 is
connected to the power source Vpp, its drain is con-
nected to a drain of the N-channel transistor 32 and its
gate is connected to a line of a bit line pre-charging sig-
nal ATDP. A source of the N-channel transistor 32 is
connected to the node B and its gate is connected to the
node A.

[0010] The sense circuit 4 is composed of a com-
parison circuit used to compare a reference voltage
VRer from a reference circuit (not shown) with an output
voltage V, at the node C connected to the drain of the
N-channel transistor 11 of the feedback-type bias circuit
1 and to produce a signal showing a result of compari-
son. The latch circuit 5 is composed of a circuit used to
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latch an output of the sense circuit 4 in response to a
sense amplifier output latching signal LAT.

[0011] The feedback-type bias circuit 1 has a func-
tion to supply a predetermined bias voltage Vg to the
memory cell M. The load circuit 2 functions as a load
by acting as a source of a constant current provided by
the power source Vpp to the feedback-type bias circuit
1. The pre-charging circuit 3 is used to supply a pre-
charging current to the bit line BL,,, when the bit line BL,,
is selected. The sense circuit 4 is adapted to judge
whether the memory cell M, is in the ON-cell state or
in the OFF-cell state by comparing the reading output
voltage V, from the feedback-type bias circuit 1 with the
reference voltage Vrgg from the reference circuit (not
shown). The latch circuit 5 is adapted to latch a signal
showing a judging result from the sense circuit 4 and to
generate output data. In the feedback-type bias circuit
1, while reading is not performed, since the sense
amplifier activating signal SAE is high and the P-chan-
nel transistors 15 and 16 are turned OFF and the N-
channel transistor 13 is turned ON, a voltage V at the
node A is almost 0 (zero) volts and, since the N-channel
transistor 11 is in an OFF state, the voltage Vg of the
feedback-type bias circuit is 0 (zero) volts. On the other
hand, while the reading is being performed, since the
sense amplifier activating signal SAE is low, the P-chan-
nel transistors 15 and 16 are turned ON and the N-
channel transistor 13 is turned OFF and, since a current
flowing from the power source Vpp through a switch
composed of the P-channel transistor 15 and a current
flowing from the power source Vpp through a switch
composed of the P-channel transistor 16 and through a
constant current source load composed of the N-chan-
nel transistor 12 flows into the N-channel transistor 14,
the voltage Vg generated at the node A is supplied to
the gate of the N-channel transistor 11. Though this
causes a current to flow through the N-channel transis-
tor 11 and the predetermined bias voltage Vg to be gen-
erated at the node B, since a line for the predetermined
bias voltage Vg is connected to the gate of the N-chan-
nel transistor 14, a current flowing through the N-chan-
nel transistor changes depending upon the
predetermined bias voltage Vg and therefore the volt-
age Vg at the node A to be supplied to the gate of the N-
channel transistor 11 changes. Since such feedback
control as above is exercised, the predetermined bias
voltage Vg at the node B becomes almost constant in a
steady state.

[0012] Figure 9 is a praph explaining a distribution
of a current at each of components, shown in Fig. 8,
contained in the feedback-type bias circuit 1 during
operations. In Fig. 9, "I;" represents currents corre-
sponding to a voltage Vpg between the drain and
source of the N-channel transistor 14, and "l,1" to "l ¢"
represent characteristics of currents flowing through the
N-channel transistor 14 which changes depending upon
different voltages (Vg4 to Vgg) of the gate, while "I,," rep-
resents currents corresponding to a voltage Vpg
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between the drain and source of the P-channel transis-
tor 15, and "I." represents characteristics of currents
flowing through the circuit composed of the P-channel
transistor 16 and the N-channel transistor 12. "l,+I."
represents a sum of currents flowing through the P-
channel transistor 15, a current flowing through the P-
channel transistor 16 and a current flowing through the
N-channel transistor 12. At this point, the predeter-
mined bias voltage Vg at the node B is determined as a
gate voltage (Vg) of the N-channel transistor 14 at a
point P where the current |, and the current I+l reach
an equilibrium.

[0013] In the load circuit 2, while reading is per-
formed, since the sense amplifier activating signal SAE
goes high and the P-channel transistor 21 is turned ON,
a current |4 is supplied from the power source Vpp
through the N-channel transistor 22 constituting the
constant current source load to the N-channel transistor
11 of the feedback-type bias circuit 1.

[0014] The pre-charging circuit 3 has a function to
speed up a rise in the predetermined bias voltage Vg at
the node B at the time of reading operation by supplying
a current |,, which flows when the P-channel transistor
31 is turned ON after the bit line pre-charging signal
ATDP goes low in an early stage of a read-out cycle, to
the bit line through the N-channel transistor 32 operat-
ing in tandem with the N-channel transistor 11 of the
feedback-type bias circuit 1.

[0015] A pre-charging circuit being similar to that
described above is disclosed in, for example, Japanese
Laid-open Patent Application No. Hei2-285593.

[0016] The sense circuit 4 is used to produce an
output signal having a logical level being changed
depending upon a level of the voltage V, relative to the
reference voltage Vrgg by comparing the voltage Vp at
the node C with the reference voltage Vrgg from the ref-
erence circuit (not shown).

[0017] The latch circuit 5, by latching an output sig-
nal from the sense circuit 4 in response to the sense
amplifier output latching signal LAT, is operated to out-
put data "1" when the memory cell is in the ON-cell state
and data "0" when the memory cell is in the OFF-cell
state.

[0018] Next, operations of the reading circuit in the
conventional non-volatile semiconductor device by
referring to Fig. 8 will be described below.

[0019] In the bit line decoder BDE,,,, when the bit
line BL,, is selected, the bit line selection signals a1 and
a2 are high, the bit line selection transistors Tm1 and
Tm2 are turned ON and the memory cell M, is con-
nected to the bit line BL,,. Moreover, by selecting the
word line WL,,, the memory cell M, is in a state allow-
ing reading-out of either an ON-state or OFF-state.
[0020] In the early stage of the read-out cycle when
the sense amplifier activating signal SAE goes high, the
predetermined bias voltage Vg of the node B becomes
0 (zero) volts. At this point, since the N-channel transis-
tor 14 in the feedback-type bias circuit 1 is turned OFF
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and the voltage Vf of the node A is maximum, the N-
channel transistor 11 is turned ON and the current |4
becomes maximum.

[0021] This causes an additional capacitor (having
wiring capacitance, drain capacitance of the memory
cell M, or a like) of the bit line BL,,, to be pre-charged,
resulting in a gradual increase in the voltage Vg at the
node B. When the predetermined bias voltage Vg
increases, a current flows through the N-channel tran-
sistor 14 and the voltage Vg at the node A decreases,
causing the current |; of the N-channel transistor 11 to
decrease. Also, when feedback operations of the feed-
back-type bias circuit 1 converge on termination and the
predetermined bias voltage Vg at the node B reaches a
predetermined memory cell drain voltage (for example,
0.5V), the memory cell M, is in a state where a current
can flow and, if it is in the ON-cell state, a memory cell
current flows through the N-channel transistor 11, while,
if it is in the OFF-cell state, the memory cell current
does not flow. Therefore, since the voltage V, at the
node C increases if the memory cell M,,,, is in the OFF-
cell state (in an OFF-voltage state) and the voltage
decreases if the memory cell My, is in the ON-cell state
(in an ON-voltage state), when an intermediate voltage
between the ON voltage and the OFF voltage is pro-
duced as a reference voltage Vrgr from the reference
circuit (not shown), the sense circuit 4 is adapted to
compare the voltage V, with the voltage Vrgr and to
produce an output showing the discrimination between
the OFF-cell state and ON-cell state.

[0022] The latch circuit 5 is operated to latch an out-
put signal of the sense circuit 4 in response to the sense
amplifier output latching signal LAT and to output data
"0" when the memory cell is in the OFF-cell state and
data "1" when the memory cell is in the ON-cell state. In
a pre-charging circuit 3 shown in Fig. 8, during a short
time in the early stage of the read-out cycle when the
sense amplifier activating signal SAE is active, the bit
line pre-charging signal ATDP is low and the P-channel
transistor 31 is turned ON causing the current |, to be
supplied from the power source Vpp to the bit line for
pre-charging through the N-channel transistor 32 con-
trolled in tandem with the N-channel transistor 11, which
causes the rise of the predetermined bias voltage Vg at
the node B to be speeded up and the speed for the
determination of the voltage V, at the node C to be
improved.

[0023] Figure 10 is a schematic block diagram of a
reading timing generating circuit in the reading circuit
shown in Fig. 8. The reading timing generating circuit is
chiefly composed of an address change detecting sig-
nal generating circuit 101 and a pulse generating circuit
102. The address change detecting signal generating
circuit 101 has an address change detecting circuit 103
adapted to detect a change point of address data con-
tained in an external address inputting signal AO and to
produce an address change detecting signal OS. The
pulse generating circuit 102 is operated to produce, by
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internal pulse generating circuits (not shown) embed-
ded therein and in response to the address change
detecting signal OS, the sense amplifier activating sig-
nal SAE used to activate the reading circuit, the bit line
pre-charging signal ATDP used to activate the pre-
charging circuit 3 in the early stage of the read-out cycle
when the sense amplifier activating signal SAE remains
active and the sense amplifier output latching signal
LAT used to latch an output from the sense circuit 4 at
the latch circuit 5.

[0024] Next, reading operations in the conventional
non-volatile semiconductor memory device will be
described by referring to Fig. 11. A signal of each of
components of the reading circuit in the conventional
non-volatile semiconductor memory device shown in
Fig. 8 are shown in Fig. 11. In response to external
address inputting signals AO to Ai, from the address
change detecting signal generating circuit 101 (Fig. 10)
is outputted the address change detecting signal OS,
which causes the sense amplifier activating signal SAE
from the pulse generating circuit 102* (Fig. 10) (in the
drawings, a symbol "*" represents an inverted signal),
the bit line pre-charging signal ATDP* and the sense
amplifier output latching signal LAT to be produced. In
the reading circuit shown in Fig. 8, the sense amplifier
activating signal SAE* and the bit line pre-charging sig-
nal ATDP* are inputted as not-inverted signals and an
inactive state is changed to an active state.

[0025] In the feedback-type bias circuit 1, when the
sense amplifier activating signal SAE* is generated, the
P-channel transistors 15 and 16 are turned ON and the
N-channel transistor 13 is turned OFF, which causes the
current |4 to be supplied to the bit line through the load
circuit 2 and then the N-channel 11. When the bit line
pre-charging signal ATDP* is produced in the early
stage of the period when the sense amplifier activating
signal SAE™* is active, the current |, flows from the pre-
charging circuit 3 through the bit line. Therefore, a cur-
rent |, (=14 + I,) flows through the bit line and the pre-
charging is done. When the feedback operation in the
feedback-type bias circuit 1 is complete and the pre-
charging by the pre-charging circuit 3 is then complete,
the voltage V, at the node C is determined to be an
OFF-bit potential V5 (OFF) or an ON-bit potential Vu
(ON) depending upon the OFF-state or ON-state of the
memory cell. The latch circuit 5 is operated to latch an
output of a sense circuit 4 in response to the sense
amplifier output latching signal LAT. However, though
the conventional non-volatile semiconductor memory
device shown in Fig. 8 is provided with the pre-charging
circuit 3 to shorten time required for pre-charging the bit
line, since much time is required before the reading of
data becomes enabled after the bit line is pre-charged,
the speed-up of operations in the non-volatile semicon-
ductor memory device is interfered with.

[0026] Figures 12A and 12B are enlarged views
showing changes in voltages and currents occurring
when a reading output is generated in the reading circuit
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of the conventional non-volatile semiconductor memory
device shown in Fig. 8 and also explaining the determi-
nation of outputted states, in which Fig. 12A shows
changes in voltages and Fig. 12B shows changes in
currents. In the conventional reading circuit shown in
Fig. 8, read-out data is determined after a certain period
of time elapses since the bit line pre-charging signal
ATDP becomes inactive. As reasons for such delays in
the determination of the read-out data in the conven-
tional reading circuit, following two points can be consid-
ered.

(1) In the pre-charging circuit 3, when the bit line
pre-charging signal ATDP has become inactive and
the P-channel transistor 31 has been turned OFF, a
potential on the outputting side (i.e., at the drain) of
the P-channel transistor 31 rises to the power
source voltage Vpp. Since there is the additional
capacitor having the wiring capacitance, drain
capacitance or a like on the outputting side of the P-
channel transistor 31, the current I, flows, after the
bit line pre-charging signal ATDP becomes inactive,
by an electrical charge occurring during charging of
the capacitor so that its potential rises to the power
source voltage Vpp. However, since a current Iy,
flowing through the bit line is constant, time is
required before a cell current |4 (it is a memory cell
current at this point) flowing through the N-channel
transistor 11 decreases and the ON-bit potential
VA(ON), which is a reading voltage used when the
memory cell is in the ON-cell state, is determined.
In Fig. 12B, "t" represents time causing a decrease
in data reading speed, based on the current I,
appearing after the bit line pre-charging signal
ATDP becomes inactive.

(2) When the output of the feedback-type bias cir-
cuit 1 is turned OFF, the bit line is pre-charged until
the predetermined bias voltage Vg at the node B is
changed to its OFF level and, in this state, the volt-
age Vp at the node C is determined. The same
operations as above are carried out in the reference
circuit (not shown) generating the reference voltage
VRer In the sense circuit 4, a comparison between
the voltage Vj and the voltage VRrgr is made, how-
ever, at this point, since the voltage V, at the node
C rises to a level (i.e., a differential operation point)
exceeding that allowing the comparison operations
of the sense circuit 4, much time is required before
the voltage V, reaches a value at a differential oper-
ation point, thus causing the decrease in the read-
ing speed. In order to decrease a difference
between the ON-bit potential and OFF-bit potential
in the voltage Vp at the node C, a load used to flow
a leak current is connected to the bit line, however,
if the current 14 flowing through the feedback-type
bias circuit 1 is 0 (zero), the voltage Vp at the node
C rises nearly to the power source voltage Vpp.
This is because it takes time for the voltage V, at
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the node C that is raised by over-charging to drop to
the differential operation point value due to flowing
of a current through the N-channel transistor 11 and
due to drawing of electrical charges from the node
C having the voltage V,. In contrast, in the refer-
ence circuit, since the memory cell being in the ON-
cell state is always connected, no rise occurs in the
voltage VRer

SUMMARY OF THE INVENTION

[0027] In view of the above, it is an object of the
present invention to provide a non-volatile semiconduc-
tor memory device capable of shortening time required
for determining a reading voltage and of improving a
data reading speed.

[0028] According to a first aspect of the present
invention, there is provided a non-volatile semiconduc-
tor memory device including:

a bias voltage supplying circuit (1) for supplying a
predetermined bias voltage to a bit line by letting a
current flow from a load circuit (2), in response to a
first timing signal produced when an address of a
memory cell is selected, to the memory cell to be
connected to the bit line by a bit line selecting circuit
in accordance with selection of the address and for
generating a reading voltage at a point of connec-
tion with the load circuit (2) by letting a current flow
in accordance with an ON-state or OFF-state of the
memory cell,

a pre-charging circuit (3A, 3B) for letting a current
flow to the bit line in response to a second timing
signal produced in an early stage when the second
timing signal is active; and

whereby the pre-charging circuit (3A, 3B) is oper-
ated to interrupt a current in a last stage when the
second timing signal is active.

[0029] By configuring as above, a delay occurring at
a time of completion of pre-charging caused by dis-
charging currents from an additional capacitor of the
pre-charging circuit (3A, 3B) can be reduced and a data
reading speed can be improved.

[0030] In the foregoing, a preferable mode is one
wherein the load circuit (2) is composed of switching cir-
cuit which is turned ON in response to the first timing
signal connected to a constant current source circuit in
series.

[0031] Also, a preferable mode is one wherein the
switching circuit is composed of a P-channel transistor,
a source of which is connected to a power source, to a
gate of which the first timing signal is supplied and a
drain of which is connected to the constant current
source circuit and wherein the constant current source
is composed of an N-channel transistor, a drain of which
is connected to the drain of the P-channel transistor, a
gate of which is connected to said drain of the N-chan-
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nel transistor and a source of which is connected to the
bias voltage supplying circuit (1).

[0032] Also, a preferable mode is one wherein the
bias voltage supplying circuit (1) is composed of a feed-
back-type bias circuit having current controlling circuit
operated to let a current flow from a power source
through the load circuit (2) to said bit line in response to
a control signal and feedback circuit operated to feed a
signal a voltage of which is dropped when a current
flows from current supplying circuit in accordance with a
bias voltage occurring at the bias line, as the control sig-
nal, back to the current controlling circuit.

[0033] Also, a preferable mode is one wherein the
current controlling circuit is composed of an N-channel
transistor, a source of which is connected to the load cir-
cuit (2), to a gate of which the control signal is supplied,
and a drain of which is connected to the bit line, and
wherein the feedback circuit is composed of an N-chan-
nel transistor, a source of which is connected to a
ground, to a gate of which the bias voltage is applied
and a drain of which is connected to the current supply-
ing circuit and wherein the control signal is outputted
from a point of connection between the drain of the N-
channel transistor and the current supplying circuit.
[0034] Also, a preferable mode is one wherein the
current supplying circuit is composed of a first current
supplying section which is turned ON in response to the
first timing signal and a second current supplying sec-
tion to which switching circuit to be turned ON in
response to the first timing signal and a constant current
source circuit are connected in series, the first current
supplying section and second current supplying section
being connected, in parallel, between a power source
and the feedback circuit.

[0035] Also, a preferable mode is one wherein the
first current supplying section is composed of a first P-
channel transistor, a source of which is connected to a
power source, to a gate of which the first timing signal is
supplied and a drain of which is connected to the feed-
back circuit and wherein the second current supplying
section is composed of a second P-channel transistor, a
source of which is connected to a power source, to a
gate of which the first timing signal is supplied and a
drain of which is connected to a drain of an N-channel
transistor and the N-channel transistor, the drain of
which is connected to the drain of the second P-channel
transistor, a gate of which is connected to the drain of
the N-channel transistor and a source of which is con-
nected to the feedback circuit.

[0036] Also, a preferable mode is one that wherein
includes grounding circuit, connected in parallel to the
feedback circuit, used to connect a terminal of a control
signal output from the feedback circuit to a ground while
the first timing signal is inactive.

[0037] Also, a preferable mode is one wherein the
grounding circuit is composed of an N-channel transis-
tor, a drain of which is connected to a drain of the N-
channel transistor constituting the feedback circuit, to a
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gate of which the first timing signal is supplied and a
source of which is connected to a ground.

[0038] Also, a preferable mode is one wherein the
pre-charging circuit (3A, 3B) is composed of first switch-
ing mean which is turned ON in response to the second
timing signal, current controlling mean used to control a
current in response to the control signal connected
between a power source and the bit line and second
switching circuit which is turned OFF in response to a
inverted signal of the second timing signal connected
between the power source and the bit line.

[0039] Also, a preferable mode is one wherein the
first switching circuit is composed of a P-channel tran-
sistor, a source of which is connected to a power
source, to a gate of which the second timing signal is
supplied and a drain of which is connected to the cur-
rent controlling section and wherein the current control-
ling section is composed of a first N-channel transistor,
a drain of which is connected to the drain of the P-chan-
nel transistor, to a gate of which the control signal is
supplied and a source of which is connected to the sec-
ond switching circuit, and wherein the second switching
circuit is composed of a second N-channel transistor, a
drain of which is connected to the drain of the first N-
channel transistor, to a gate of which the second timing
signal is supplied through an inverter and a source of
which is connected to the bit line.

[0040] Also, a preferable mode is one wherein the
pre-charging circuit (3A, 3B) is composed of a current
controlling section used to let a current flow from a
power source in response to the control signal con-
nected between the power source and the bit line and of
switching circuit which is turned OFF in response to the
second timing signal connected between the power
source and the bit line.

[0041] Also, a preferable mode is one wherein the
current controlling section is composed of an N-channel
transistor, a drain of which is connected to a power
source, to a gate of which the control signal is supplied
and a source of which is connected to the switching cir-
cuit and wherein the switching circuit is composed of a
P-channel transistor, a source of which is connected to
the source of the N-channel transistor, to a gate of
which the second timing signal is supplied and a drain of
which is connected to the bit line.

[0042] Also, a preferable mode is one that wherein
comprises equalizing circuit (6) used to establish a
short-circuit between a point of connection between the
load circuit (2) and the current controlling circuit and an
input side of the current controlling circuit in a last stage
while the second timing signal is active.

[0043] By mounting the equalizing circuit (6), the
short-circuit between the load circuit (2) and current
controlling circuit is established in a last stage when the
bit line pre-charging signal is active and, if the voltage at
the outputting terminal of the load is too high or too low,
the voltage is forcedly caused to have an intermediate
value between a voltage corresponding to the ON-cell



11 EP 1 049 102 A2 12

state and a voltage corresponding to the OFF-cell state
in the last stage when pre-charging the bit line is active,
thereby preventing a delay in timing for determination of
the reading voltage and thus improving the data reading
speed.

[0044] Furthermore, a preferable mode is one
wherein the equalizing circuit (6) is composed of an N-
channel transistor (61), a drain of which is connected to
the drain of the N-channel transistor constituting the
current controlling circuit, to a gate of which a third tim-
ing signal produced in a last stage while the second tim-
ing signal is active is supplied and a source of which is
connected to a gate of the N-channel transistor consti-
tuting the current controlling circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The above and other objects, advantages
and features of the present invention will be more
apparent from the following description taken in con-
junction with the accompanying drawings in which:

Fig. 1 is a schematic circuit diagram showing con-
figurations of a reading circuit in a non-volatile sem-
iconductor memory device according to a first
embodiment of the present invention;

Fig. 2 is a schematic circuit diagram showing con-
figurations of a reading circuit in a non-volatile sem-
iconductor memory device according to a second
embodiment of the present invention;

Fig. 3 is a schematic circuit diagram showing con-
figurations of a reading circuit in a non-volatile sem-
iconductor memory device according to a third
embodiment of the present invention;

Fig. 4 is a graph showing relations among voltages
and currents in the reading circuit in the non-volatile
semiconductor memory device of the third embodi-
ment;

Fig. 5 is a schematic block diagram of a reading tim-
ing generating circuit used for the non-volatile sem-
iconductor memory device of the third embodiment;
Fig. 6 is a timing chart showing reading operations
in the non-volatile semiconductor memory device of
the third embodiment;

Figs. 7A and 7B are diagrams explaining determi-
nation of an outputting state for reading in the non-
volatile semiconductor memory device of the third
embodiment;

Fig. 8 is a schematic circuit diagram showing an
example of configurations of a reading circuit in a
conventional non-volatile semiconductor memory
device;

Fig. 9 is a graph explaining operations of the con-
ventional feedback-type bias circuit of the conven-
tional non-volatile semiconductor memory device;
Fig. 10 is a schematic block diagram of a reading
timing generating circuit used for the conventional
non-volatile semiconductor memory device;
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Fig. 11 is a timing chart showing reading operations
in the conventional non-volatile semiconductor
memory device; and

Figs. 12A and 12B are diagrams explaining deter-
mination of an outputting state for reading in the
conventional non-volatile semiconductor memory
device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0046] Best modes of carrying out the present
invention will be described in further detail using various
embodiments with reference to the accompanying
drawings.

First Embodiment

[0047] Figure 1 is a schematic circuit diagram
showing configurations of a reading circuit in a non-vol-
atile semiconductor memory device according to a first
embodiment of the present invention. As shown in Fig.
1, the reading circuit in the non-volatile semiconductor
memory device of this embodiment is chiefly composed
of a memory cell M, a bit line decoder BDE,,,, a feed-
back-type bias circuit 1, a load circuit 2, a pre-charging
circuit 3A, a sense circuit (SA) 4 and a latch circuit 5.
Configurations of the feedback-type bias circuit 1, the
load circuit 2, the sense circuit 5 and the latch circuit 5
of this embodiment are the same as those shown in Fig.
8. Configurations of this embodiment differ greatly from
those in Fig. 8 in that the pre-charging circuit 3A is pro-
vided which has different structures from those in the
pre-charging circuit 3 of Fig. 8. The pre-charging circuit
3A has a P-channel transistor 31, N-channel transistors
32 and 33 and an inverter 34. A source of the P-channel
transistor 31 is connected to a power source Vpp, its
drain is connected to a drain of the N-channel transistor
32 and its gate is connected to a line of a bit line pre-
charging signal ATDP. A source of the N-channel tran-
sistor 32 is connected to a drain of the N-channel tran-
sistor 33 and its gate is connected to a node A. A source
of the N-channel transistor 33 is connected to a node B
and its gate is connected to an outputting terminal of the
inverter 34. An inputting terminal of the inverter 34 is
connected to the line of the bit line pre-charging signal
ATDP.

[0048] In the pre-charging circuit 3A, by making the
bit line pre-charging signal ATDP low in an early stage
of a read-out cycle, the P-channel transistor 31 is turned
ON and, by supplying a current |, to a bit line through
the N-channel transistor 32 operating in tandem with an
N-channel transistor 11 of the feedback-type bias circuit
1, arise in a predetermined bias voltage Vg at the node
B at a time of reading operations is speeded up. Moreo-
ver, when the bit line pre-charging signal ATDP goes
low, the N-channel transistor 33 is turned OFF, which
forcedly interrupts the current |, to the bit line.
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[0049] Next, operations of the reading circuit in the
non-volatile semiconductor memory device of this
embodiment will be described below by referring to Fig.
1

[0050] When the bit line BL,, is selected, in the bit
line decoder BDE,,,, bit line selection signals a1 and a2
are high, bit line selecting transistors T,,4 and T, are
turned ON and the memory cell M,, remains con-
nected to the bit line BL,,,. Moreover, when a word line
WL,, is selected, the memory cell M,,, is in a state
allowing reading-out of either an ON-state or OFF-state.
[0051] In the early stage of the read-out cycle when
a sense amplifier activating signal SAE goes low, the
predetermined bias voltage Vg at the node B becomes
0 (zero) volts. In this state, in the feedback-type bias cir-
cuit 1, the N-channel transistor 14 is turned OFF and a
voltage V at the node A is maximum, while the N-chan-
nel transistor 11 is turned ON and a current |, is maxi-
mum. This causes an additional capacitor (having
wiring capacitance, drain capacitance of the memory
cell M, or a like) of the bit line BL,, to be pre-charged,
resulting in a gradual increase in the predetermined
bias voltage Vg at the node B. At this point, in a pre-
charging circuit 3A. In the early stage of the read-out
cycle, when the bit line pre-charging signal ATDP
becomes low, the P-channel transistor 31 is turned ON
causing the current |, to the bit line through the N-chan-
nel transistor 32 operating in tandem with the N-channel
transistor 11 in the feedback-type bias circuit 1, which
causes a rise of the predetermined bias voltage Vg at
the node B in the reading operation to be speeded up.
[0052] When the predetermined bias voltage Vg
increases, a current flows through the N-channel 14,
causing the voltage Vg at the node A to decrease and
the current |4 of the N-channel transistor 11 to be
reduced. By such feedback operations, the N-channel
transistor 11 is turned OFF and the current |14 used to
pre-charge the bit line approaches 0 (zero). When the
feedback operation of the feedback-type bias circuit 1
converges on termination and the predetermined bias
voltage Vg at the node B reaches a predetermined
memory drain voltage (for example, 0.5V), the memory
cell M, changes to a state allowing a current to flow,
and if the memory cell is in an ON-cell state, the current
I4 based on a memory cell current starts flowing through
the N-channel transistor 11, however, if it is in an OFF-
cell state, the memory cell current does not flow.

[0053] At this point, when the bit line pre-charging
signal ATDP goes high, the N-channel transistor 33 is
controlled so as to be turned OFF and the pre-charging
path is closed and, therefore, in the pre-charging circuit
3A, a outflow of currents |, caused by discharging of
electrical charges having a potential near the power
supply voltage Vpp from the additional capacity contain-
ing wiring capacitance or other capacitance held by the
P-channel transistor 31 or a like, is stopped, resulting in
a rapid increase in the current |4.

[0054] Since the voltage V, at the node C is high
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when the memory cell is in the OFF-cell state (at an
OFF-bit potential) and is low when the memory cell is in
the ON-cell state (at an ON-bit potential), the reference
circuit (not shown) is adapted to output an intermediate
voltage between the OFF voltage and ON voltage as a
reference voltage Vrgg so that the sense circuit 4 can
compare the voltage Vj with the Vkgg and can generate
an output showing discrimination of the OFF-cell state
from the ON-cell state. The latch circuit 5 is operated to
latch an output signal from the sense circuit 4 and to
output, for example, data "0" when the memory cell is in
the OFF-cell state and data "1" when the memory cell is
in the ON-cell state.

[0055] Thus, in the reading circuit in the non-volatile
semiconductor memory device of this embodiment,
since the outflow of the current |, from the pre-charging
circuit 3A is prevented when the bit line pre-charging
signal ATDP becomes inactive, outputting of the mem-
ory cell current from the feedback-type bias circuit 1 is
speeded up and a delay in the determination of the volt-
age V, at the node C caused by discharging of electrical
charges from the additional capacitor in the pre-charg-
ing circuit is resolved, thus improving the data reading
speed.

Second Embodiment

[0056] Figure 2 is a schematic circuit diagram
showing configurations of a reading circuit in a non-vol-
atile semiconductor memory device according to a sec-
ond embodiment of the present invention. As shown in
Fig. 2, the reading circuit of this embodiment is chiefly
composed of a memory cell M,,, a bit line decoder
BDE,,, a feedback-type bias circuit 1, a load circuit 2, a
pre-charging circuit 3B, a sense circuit (SA) 4 and a
latch circuit 5. Configurations of the feedback-type bias
circuit 1, load circuit 2, sense circuit 4 of this embodi-
ment and latch circuit 5 are the same as those of the
first embodiment. Configurations of this embodiment
differ greatly from those of the first embodiment in that
the pre-charging circuit 3B is provided which has differ-
ent structures from those in the pre-charging circuit 3A
of the first embodiment. The pre-charging circuit 3B has
an N-channel transistor 35 and a P-channel transistor
36. A drain of the N-channel transistor 35 is connected
to a power source Vpp, its source is connected to a
source of the P-channel transistor 36 and its gate is
connected to a node A. A drain of the P-channel transis-
tor 36 is connected to a node B and its gate is con-
nected to a line of a bit line pre-charging signal ATDP.

[0057] In the pre-charging circuit 3B, when the bit
line pre-charging signal ATDP goes low in early stages
of a read-out cycle, the P-channel transistor 36 is turned
ON and a current |, is applied to a bit line from the
power source Vpp through the N-channel transistor 35
and the P-channel transistor 36 operating in tandem
with an N-channel transistor 11 of the feedback-type
bias circuit 1, a rise in a predetermined bias voltage Vg
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at the node B at a time of reading operations is speeded
up. Moreover, when the bit line pre-charging signal
ATDP goes high, the P-channel transistor 36 is turned
OFF and the pre-charging path is closed and, therefore,
in the pre-charging circuit 3B, a outflow of currents I
caused by discharging of electrical charges having a
potential near the power supply voltage Vpp from the
additional capacity containing wiring capacitance or
other capacitance held by the P-channel transistor 36 or
a like, can be stopped.

[0058] Next, operations of the reading circuit in the
non-volatile semiconductor memory device will be
described by referring to Fig. 2. Only one difference in
operations between the reading circuit of this embodi-
ment and of the first embodiment exists in the pre-
charging circuit 3B and therefore operations of the pre-
charging circuit 3B are mainly described below. In an
early stage of a read-out cycle, when a current | flows,
an additional capacitor (containing wiring capacitance,
drain capacitance of the memory cell M, or a like) of a
bit line BL,,, is pre-charged and the predetermined bias
voltage Vg of the node B increases gradually. At this
point, in the pre-charging circuit 3B, when the bit line
pre-charging signal ATDP goes low in early stages of
the read-out cycle, the P-channel transistor 36 is turned
ON and a current |, is applied from the power source
Vpp to a bit line through the N-channel transistor 35 and
the P-channel transistor 36 operating in tandem with an
N-channel transistor 11 of the feedback-type bias circuit
1, a rise in the predetermined bias voltage Vg at the
node B at a time of reading operations is speeded up.
[0059] When the predetermined bias voltage Vg
increases, a voltage Vg at the node A decrease and the
current |4 of the N-channel transistor 11 is reduced, and
by such feedback operations, the N-channel transistor
11 is turned OFF and the current |y used to pre-charge
the bit line approaches 0 (zero). When the feedback
operation of the feedback-type bias circuit 1 converges
on termination and the predetermined bias voltage Vg
at the node B reaches a predetermined memory drain
voltage (for example, 0.5V), the memory cell My,
changes to a state allowing a current to flow, and if the
memory cell is in an ON-cell state, the current |, based
on a memory cell current starts flowing through the N-
channel transistor 11

[0060] At this point, when the bit line pre-charging
signal ATDP goes high, the N-channel transistor 36 is
controlled so as to be turned OFF and the pre-charging
path is closed and, therefore, in the pre-charging circuit
3B, an outflow of currents |, caused by discharging of
electrical charges having a potential near the power
supply voltage Vpp from the additional capacity contain-
ing wiring capacitance or other capacitance held by the
N-channel transistor 35 or a like, is stopped, resulting in
a rapid increase in the current |4 while the memory cell
is in the ON-cell state.

[0061] Thus, in the reading circuit in the non-volatile
semiconductor memory device of this embodiment,
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since the outflow of the current I, from the pre-charging
circuit 3B is prevented when the bit line pre-charging
signal ATDP becomes inactive, outflow of the memory
cell current from the feedback-type bias circuit 1 is
speeded up and such a delay in the determination of the
voltage V, at a node C caused by discharging of electri-
cal charges from the additional capacitor in the pre-
charging circuit is resolved, thus improving the data
reading speed.

Third Embodiment

[0062] Figure 3 is a schematic circuit diagram
showing configurations of a reading circuit in a non-vol-
atile semiconductor memory device according to a third
embodiment of the present invention. Fig. 4 is a graph
showing relations among voltages and currents in the
reading circuit in the non-volatile semiconductor mem-
ory device of the third embodiment. Figure 5 is a sche-
matic block diagram of a reading timing generating
circuit used for the non-volatile semiconductor memory
device of the third embodiment. Figure 6 is a timing
chart showing reading operations in the non-volatile
semiconductor memory device of the third embodiment.
Figures 7A and 7B are diagrams explaining determina-
tion of an outputting state for reading in the non-volatile
semiconductor memory device of the third embodiment.
As shown in Fig. 3, the reading circuit of this embodi-
ment is chiefly composed of a memory cell M, a bit
line decoder BDE,,,, a feedback-type bias circuit 1, a
load circuit 2, a pre-charging circuit 3A, a sense circuit
(SA) 4, a latch circuit 5 and an equalizing circuit 6.
[0063] Configurations of the feedback-type bias cir-
cuit 1, load circuit 2, pre-charging circuit 3A, sense cir-
cuit 4 and latch circuit 5 of this embodiment are the
same as those of the first embodiment shown in Fig. 1
and differ greatly from those in the first embodiment in
that the equalizing circuit 6 is additionally provided. The
equalizing circuit is composed of an N-channel transis-
tor 61. A drain of the N-channel transistor 61 is con-
nected to a node C, its source is connected to a node A
and its gate is connected to a line of an equalizing signal
EQL. The equalizing circuit 6 is turned ON, when a bit
line pre-charging signal ATDP becomes inactive, in
response to the equalizing signal EQL occurring for a
short time, thus equalizing a voltage V, at the node C to
a voltage Vg at the node A.

[0064] Operations of the equalizing circuit 6 are fur-
ther described in detail by referring to Fig. 4.

[0065] In Fig. 4, an example of relations among volt-
ages and currents appearing after a completion of pre-
charging is shown by plotting a predetermined bias volt-
age Vp at a node B as abscissa and by plotting the volt-
age VE at the node A and a current |4 flowing to a bit line
through the N-channel transistor 11 of the feedback-
type bias circuit 1 as ordinate. The voltage Vf at the
node, in accordance with operations of the feedback-
type bias circuit 1, becomes high when the predeter-
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mined bias voltage Vg at the node B becomes low and
becomes low when the predetermined bias voltage Vg
at the node B becomes high, which provides a charac-
teristic of an inverter. In contrast, the voltage V, at the
node C rises as the predetermined bias voltage Vg at
the node B become great and the voltage Vp at the node
C becomes constant when the predetermined bias volt-
age Vg exceeds a predetermined level. The current |4 is
maximum when the predetermined bias voltage Vg at
the node B is zero volts, and as the predetermined bias
voltage Vg rises, the | is decreased and becomes zero
when the predetermined bias voltage Vg is at a prede-
termined level. The voltage V, (represented by "A") cor-
responding to the predetermined bias voltage Vg at
which the current |4 becomes zero shows an OFF-bit
potential and the voltage Vj (represented by "B" in Fig.
4) corresponding to the predetermined bias voltage Vg
at which the current Iy becomes a set current |, of the
memory cell shows an ON-bit potential. The voltages Vg
and V, (represented by "C" in Fig. 4) occurring when the
voltage Vg becomes equal to the voltage Vp show the
voltages occurring when a short-circuit between the
nodes A and C are established by operations of the
equalizing circuit 6.

[0066] If the bit line is over-charged due to problems
of capability of the pre-charging circuit, the voltage Vj at
the node C is in a too high state (this state being shown
as D4 in Fig. 4) and, at this point, the voltage Vf at the
node C is in a too low state (this state being shown as
E4 in Fig. 4). On the other hand, the bit line is insuffi-
ciently pre-charged, the voltage V, at the node C is in
the too low state (this state being shown as D, in Fig. 4)
and, at this point, the voltage V, at the node C is in the
too high state (this state being shown as E, in Fig. 4).
When a short-circuit between the nodes A and B is
established by operations of the equalizing circuit 6,
since the voltage V, at the node C is forcedly changed
to have the intermediate potential between the OFF-bit
and ON-bit potential, the state in which the voltage V, is
in the too high or too low state disappears, the voltage
V), approaches a value of the differential operation point
B where the OFF-bit and ON-bit potentials can be rap-
idly discriminated.

[0067] Thus, in the reading circuit in the non-volatile
semiconductor memory device of this embodiment,
even if the bit line is over-charged or insufficiently pre-
charged due to improper capability of the pre-charging
circuit and the voltage V, at the node C is too high or too
low, since the voltage V, at the node C is forcedly
changed to have the intermediate potential between the
OFF-bit and ON-bit potentials, the time required when
the voltage V, reaches the value at the differential oper-
ation point is shortened and the reading speed can be
improved.

[0068] Moreover, operations of the reading circuit in
the non-volatile semiconductor device of this embodi-
ment are the same as those of the first embodiment
except operations of the equalizing circuit 6 and
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detailed description of those is therefore omitted.

[0069] Next, configurations of the reading timing
generating circuit in the non-volatile semiconductor
memory device will be described hereinafter by refer-
ring to Fig. 5. The timing generating circuit for reading is
chiefly composed of an address change detecting sig-
nal generating circuit 101 and a pulse generating circuit
102A.

[0070] The address change detecting signal gener-
ating circuit 101 includes an address change detecting
circuit 103 operated to detect a change point of address
data contained in an external address inputting signal
AO and to produce an address change detecting signal
OS. The pulse generating circuit 102A is operated to
produce, in response to the address change detecting
signal OS and by internal pulse generating circuits (not
shown) embedded therein and, the sense amplifier acti-
vating signal SAE used to activate the reading circuit,
the bit line pre-charging signal ATDP used to activate
the pre-charging circuit 3 in early stages when the
sense amplifier activating signal SAE remains high, the
equalizing signal EQL used to operate the equalizing
circuit in late stages when the bit line pre-charging sig-
nal ATDP remains high and the sense amplifier output
latching signal LAT used to latch an output from the
sense circuit 4 at the latch circuit 5.

[0071] Next, reading operations in the non-volatile
semiconductor memory device of this embodiment will
be described by referring to Fig. 6. Figure 6 shows each
of signals for components of the reading circuit in the
non-volatile semiconductor memory device of this
embodiment. In response to external address inputting
signals AO to Ai, an address change detecting signal
OS is outputted from the address change detecting sig-
nal generating circuit 101, which causes the pulse gen-
erating circuit 102A to produce a sense amplifier
activating signal SAE* (in the drawing, a symbol "*" rep-
resents an inverted signal), a bit line pre-charging signal
ATDP*, an equalizing signal EQL and a sense amplifier
output latching signal LAT. Additionally, in the reading
circuit shown in Fig. 3, the sense amplifier activating
signal SAE* and the bit line pre-charging signal TDP*
are active while they are not inverted.

[0072] The sense amplifier activating signal SAE*
causes the P-channel transistors 15 and 16 to be turned
ON and the N-channel transistor 13 to be turned OFF in
the feedback-type bias circuit 1 and, as a result, the cur-
rent |4 fed from the load circuit 2 through the N-transis-
tor 11 flows to the bit line. Moreover, in early stages
when the sense amplifier activating signal SAE*
remains active, the generation of the bit line pre-charg-
ing signal ATDP * causes the current |, to flow from the
pre-charging circuit 3A to the bit line. Therefore, a cur-
rent |, (=I'; +1,) flows through the bit line, thus caus-
ing the bit line to be pre-charged.

[0073] When the equalizing signal EQL is produced
at a last stage of pre-charging operations, a short-circuit
between the nodes C and A is established and the volt-
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age V) approaches a value at the differential operation
point. When the feedback operation in the feedback-
type bias circuit 1 and pre-charging by the pre-charging
circuit 3A are completed, the voltage Vj at the node C to
be inputted to the sense circuit 4 is determined as the
OFF-bit potential (i.e., OFF potential) or ON-bit potential
(i.e., ON potential) in accordance with an OFF or ON
state. The latch circuit 5 is operated to produce an out-
put from the sense circuit 4 in response to the sense
amplifier output latching signal LAT.

[0074] Figures 7A and 7B are enlarged diagrams
showing changes in voltages and currents at each com-
ponent of the reading circuit at a time of reading in the
non-volatile semiconductor memory device, with
changes in voltages and currents shown in 7A and 7B
respectively. Changes in voltages and currents shown in
7A and 7B are examples occurring when the pre-charg-
ing capability of the pre-charging circuit 3A is not suffi-
cient. As depicted in Figs. 7A and 7B, since the current
I, from the pre-charging circuit 3A is small, even after
the completion of the pre-charging, the voltage V, at the
node C does not reach the differential operation point
value at which the current flowing through the N-chan-
nel transistor 11 of the feedback-type bias circuit 1
becomes zero. However, by the equalizing signal EQL
which is generated at the last stage when the bit line
pre-charging signal ATDP is inactive, the equalizing cir-
cuit 6 is operated, causing a short-circuit between the
nodes C and A to be established and the voltage V4 at
the node C to forcedly be equal to the voltage V so that
the voltage V5 can approach the differential operation
point and, as a result, the voltage V, at the node C is
determined as the OFF-bit potential or ON-bit potential.
[0075] As described above, in the non-volatile sem-
iconductor memory device of the present invention,
since the current based on electrical charges given to
the additional capacitor of the pre-charging circuit is
interrupted by separation of the pre-charging circuit
from the bit line at the time of the completion of pre-
charging the bit line, the over-charging caused by the
pre-charging current can be prevented, thus enabling
early transmission of memory cell currents to the sense
circuit at the time of the completion of the pre-charging
and speeding-up of reading operations.

[0076] Furthermore, in the non-volatile semicon-
ductor memory device of the present invention, by
establishing the short-circuit between an outputting side
(i.e., the node C) and feedback inputting side (i.e., the
node A) of the transistors for controlling the bias in the
feedback-type bias circuit at the last stage of pre-charg-
ing the bit line and by forcedly causing the voltage at the
node C to approach the differential operation point
value, the voltage on the outputting side is rapidly deter-
mined as the OFF-bit or ON-bit potential, thus enabling
the speeding-up of the reading operations.

[0077] It is apparent that the present invention is not
limited to the above embodiments but may be changed
and modified without departing from the invention. For
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example, the equalizing circuit 6 may be used in combi-
nation not only with the pre-charging circuit 3A of the
first embodiment but also with the pre-charging circuit
3B of the second embodiment. Also, it may be used sin-
gly. Moreover, the present invention is not limited to a
flash memory and may be applicable to a mask ROM
(Read Only Memory) or an EPROM (Erasable Program-
mable Read Only Memory).

[0078] Finally, the present application claims the
priority of Japanese Patent Application No. Hei11-
118853 filed on April 26, 1999.

Claims

1. A non-volatile semiconductor memory device char-
acterized by comprising:

a bias voltage supplying circuit (1) for supplying
a predetermined bias voltage to a bit line by let-
ting a current flow from a load circuit (2), in
response to a first timing signal produced when
an address of a memory cell is selected, to said
memory cell to be connected to said bit line by
a bit line selecting circuit in accordance with
selection of said address and for generating a
reading voltage at a point of connection with
said load circuit (2) by letting the current flow in
accordance with an ON-state or OFF-state of
said memory cell,

a pre-charging circuit (3A, 3B) for letting a cur-
rent flow to said bit line in response to a second
timing signal produced in an early stage when
said second timing signal is active; and
whereby said pre-charging circuit (3A, 3B) is
operated to interrupt a current in a last stage
when said timing signal is active.

2. The non-volatile semiconductor memory device
according to claim 1, characterized in that said load
circuit (2) is composed of a switching circuit to be
turned ON in response to said first timing signal
which is connected to a constant current source cir-
cuit in series.

3. The non-volatile semiconductor memory device
according to claim 2, characterized in that said
switching circuit is composed of a P-channel tran-
sistor, a source of which is connected to a power
source, to a gate of which said first timing signal is
supplied and a drain of which is connected to said
constant current source circuit and wherein said
constant current source is composed of an N-chan-
nel transistor, a drain of which is connected to said
drain of said P-channel transistor, a gate of which is
connected to said drain of said P-channel transistor
and a source of which is connected to said bias
voltage supplying circuit (1).
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The non-volatile semiconductor memory device
according to any one of claims 1 to 3, characterized
in that said bias voltage supplying circuit (1) is com-
posed of a feedback-type bias circuit having a cur-
rent controlling circuit operated to let a current flow
from a power source through said load circuit (2) to
a bit line in response to a control signal and a feed-
back circuit operated to feed a signal a voltage of
which is dropped when a current flows from current
supplying circuit in accordance with a bias voltage
occurring at said bias line, as said control signal,
back to said current controlling circuit.

The non-volatile semiconductor memory device
according to claim 4, characterized in that said cur-
rent controlling circuit is composed of an N-channel
transistor, a source of which is connected to said
load circuit (2), to a gate of which said control signal
is supplied, and a drain of which is connected to
said bit line, and wherein said feedback circuit is
composed of an N-channel transistor, a source of
which is connected to a ground, to a gate of which
said bias voltage is applied and a drain of which is
connected to said current supplying circuit and
wherein said control signal is outputted from a point
of connection between said drain of said N-channel
transistor and said current supplying circuit.

The non-volatile semiconductor memory device
according to claim 4 or 5, characterized in that said
current supplying circuit is composed of a first cur-
rent supplying section which is turned ON in
response to said first timing signal and a second
current supplying section to which switching circuit
to be turned ON in response to said first timing sig-
nal and a constant current source circuit are con-
nected in series, said first current supplying section
and said second current supplying section being
connected, in parallel, between a power source and
said feedback circuit.

The non-volatile semiconductor memory device
according to claim 6, characterized in that said first
current supplying section is composed of a first P-
channel transistor, a source of which is connected
to a power source, to a gate of which said first tim-
ing signal is supplied and a drain of which is con-
nected to said feedback circuit and wherein said
second current supplying section is composed of a
second P-channel transistor, a source of which is
connected to a power source, to a gate of which
said first timing signal is supplied and a drain of
which is connected to a drain of an N-channel tran-
sistor and said N-channel transistor, the drain of
which is connected to the drain of said second P-
channel transistor, a gate of which is connected to
the drain of said N-channel transistor and a source
of which is connected to said feedback circuit.
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The non-volatile semiconductor memory device
according to any one of claims 4 to 7, characterized
by further comprising a grounding circuit, con-
nected in parallel to said feedback circuit, used to
connect a terminal of a control signal output from
said feedback circuit to a ground while said first tim-
ing signal is inactive.

The non-volatile semiconductor memory device
according to claim 8, characterized in that said
grounding circuit is composed of an N-channel tran-
sistor, a drain of which is connected to a drain of
said N-channel transistor constituting said feedback
circuit, to a gate of which said first timing signal is
supplied and a source of which is connected to a
ground.

The non-volatile semiconductor memory device
according to any one of claims 4 to 9, characterized
in that said pre-charging circuit (3A, 3B) is com-
posed of a first switching circuit which is turned ON
in response to said second timing signal, the cur-
rent controlling circuit used to control a current in
response to said control signal connected between
a power source and said bit line and a second
switching circuit which is turned OFF in response to
a reverted signal of said second timing signal con-
nected between said power source and said bit line.

The non-volatile semiconductor memory device
according to claim 10, characterized in that said
first switching circuit is composed of a P-channel
transistor, a source of which is connected to a
power source, to a gate of which said second timing
signal is supplied and a drain of which is connected
to said current controlling circuit and wherein said
current controlling section is composed of a first N-
channel transistor, a drain of which is connected to
the drain of said P-channel transistor, to a gate of
which said control signal is supplied and a source of
which is connected to said second switching circuit,
and wherein said second switching circuit is com-
posed of a second N-channel transistor, a drain of
which is connected to the drain of said first N-chan-
nel transistor, to a gate of which said second timing
signal is supplied through an inverter and a source
of which is connected to said bit line.

The non-volatile semiconductor memory device
according to anyone of claims 4 to 9, characterized
in that said pre-charging circuit (3A, 3B) is com-
posed of a current controlling section used to let a
current flow from a power source in response to
said control signal connected between said power
source and said bit line and of switching circuit
which is turned OFF in response to said second
timing signal connected between said power
source and said bit line.
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14.

15.
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The non-volatile semiconductor memory device
according to claim 12, characterized in that said
current controlling section is composed of an N-
channel transistor, a drain of which is connected to
a power source, to a gate of which said control sig-
nal is supplied and a source of which is connected
to said switching circuit and wherein said switching
circuit is composed of a P-channel transistor, a
source of which is connected to the source of said
N-channel transistor, to a gate of which said second
timing signal is supplied and a drain of which is con-
nected to said bit line.

The non-volatile semiconductor memory device
according to any one of claims 4 to 13, character-
ized by further comprising an equalizing circuit (6)
used to establish a short-circuit between a point of
connection between said load circuit (2) and said
current controlling circuit and an input side of said
current controlling circuit in a last stage while said
second timing signal is active.

The non-volatile semiconductor memory device
according to claim 14, characterized in that said
equalizing circuit (6) is composed of an N-channel
transistor (61), a drain of which is connected to said
drain of said N-channel transistor constituting said
current controlling circuit, to a gate of which a third
timing signal produced in a last stage while said
second timing signal is active is supplied and a
source of which is connected to a gate of said N-
channel transistor constituting said current control-
ling circuit.
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